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Introduction
Unmethylated CpG motifs in bacterial DNA exert stimulatory effects on murine and human lymphocytes to secret interleukin-6 (IL-6), interleukin-12 (IL-12), interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) [8, 26, 27, 33, 55] . Synthetic oligodeoxynucleotides with immunostimulatory CpG motifs also have these effects [52] . Toll like receptor-9 (TLR-9) is essential for CpG DNA to activate innate immune response [23] . It has been proven that bacterial DNA could cause many diseases, such as arthritis [11] , septic shock [46] , meningitis [12] and skin inflammation [32] . In the central nervous system, unmethylated CpG DNA could activate microglia and astrocytes to express TNF-α, IL-12 and NO [9, 48] , and it is believed that exacerbation of meningitis caused by increased levels of these inflammation cytokines leads to the damage of the blood-brain barrier (BBB) [39, 40] .
Tumor necrosis factor α is a homotrimeric transmembrane protein that plays an important role in innate immune defense and maintenance of homeostasis at the cellular, tissue and organ levels [49] . Excessive TNF-α in the central nervous system has been verified in patients and animal models of a wide range of CNS pathologies such as Alzheimer's disease (AD) [17] , Parkinson's disease (PD) [4] , multiple sclerosis (MS) [24] and meningitis [29] . In the animal model, circulating TNF-α could cross the BBB into brain parenchyma by a special saturable transport system [21] . Inflammatory stimuli such as LPS [58] , CpG DNA [9] , cytokines could induce TNF-α production by additional CNS cell types, especially microglia, which is recognized as an abundant source of TNF-α [43] . In the CNS inflammatory diseases, TNF-α could induce leukocyte adhesion to cerebral vessels through upregulating expression of adhesion molecules such as VCAM and ICAM [37] , and also could damage BBB [10] . Oligodendrocyte apoptosis and neuroinflammation could be induced by overexpression of TNF-α from glia [38] .
Microglia, resident macrophages in the CNS, are sensitive to and activated by trauma, neurodegenerative diseases and infection [36] . Apoptosis of dopaminergic neurons could be mediated by LPS-activated microglia [14] . The pro-inflammation cytokines secreted by microglia are IL-1, IL-6, IL-10, IL-12, TNF-α, TGF-β and chemokines [41] . Microglia play distinctive roles in different diseases, it has been reported that microglia have a neuroprotective role in Alzheimer's disease [28] .
Dexmedetomidine (DEX), a highly selective and potent α2-adrenoreceptor agonist, provides excellent sedation, analgesic and anxiolytic effects [3] . A lot of evidence has shown that DEX exerts anti-inflammatory effects [54] . DEX could ameliorate intestinal injury induced by CLP [7] and attenuate LPS-induced lung injury [53] . However, the mechanisms of neuroprotective effects of DEX in microglia activation have not been elucidated. Thus, the purpose of this study was to evaluate the effects of DEX on CpG DNA-induced microglia activation and illuminate possible mechanisms of its neuroprotective actions.
Material and methods

Animals
Male C57BL/6 mice (6-7w) were obtained from the Nanjing University Animal Center. All experimental procedures were conducted with the approval of the Ethics Committee of Nanjing Medical University and in accordance with the Guide for the Care and Use of Laboratory Animals (U.S. National Institutes of Health publication No. 85-23, National Academy Press, Washington DC, revised 1996).
ODN1668 and ODN1720
Oligonucleotides 1668 and 1720 were synthesized by Invitrogen™.1668, 5'-TCC ATG ACG TTC CTG ATG CT-3'; 1720, 5'-TCC ATG AGC TTC CTG ATG CT-3'.
Injection protocol
Mice were anesthetized by chloral hydrate, after shaving and disinfection of the injection area, 10 μl of ODN was injected intracisternally into mice. Three days after injection, mice were sacrificed and brains were collected.
HE staining and immunohistochemical staining
Brain tissues were fixed in formalin and dehydrated by concentration gradient of ethanol and embedded into paraffin, and then were transversely cut into 5 μm sections, which were subjected to be stained with hematoxylin and eosin. The brain sections were dewaxed by Xylene, then hydrated, after heat antigen retrieval, the sections were labeled with anti-TNF-α antibody (R&D), biotin-conjugated goat anti-rabbit (KPL) as the secondary antibody labeled the primary antibody and combined with Elite AB (Vector), at last DAB were used for color development.
RNA extraction and real-time PCR
Total RNA was extracted from brain tissues and cells using Trizol Reagent (Takara) according to the manufacturer's instructions. The concentration of RNA was confirmed using Ultra Micro-ultraviolet spectrophotometer (One drop OD1000, China). All of RNA was reverse-transcribed using the PrimeScript ® RT reagent Kit (TaKaRa) according to the manufacturer's instructions. Real-time PCR using Takara (Takara) was carried out on the 7300 System (ABI) for the detection of PCR products. TNF-α reverse: 5'-ACATTCGAGGCTCCAGTGAATTCGG-3'; TNF-α forward: 5'-GGCAGGTCTACTTTGGAGGTCATTGC-3'.
Western-blot
RIPA was used for cells lysis, and then the extracted protein concentration was determined with BCA methods. The protein samples were loaded into 10% SDS-PAGE and transferred to the PVDF membrane (polyvinylidene fluoride), then the PVDF membrane was incubated with anti-p-JNK, JNK, p-AKT, AKT, p-ERK and ERK antibodies respectively overnight at 4°C, next the PVDF membrane was incubated with anti-rabbit antibodies conjugated with HRP, immunocomplex was detected by the enhanced horseradish peroxidase/luminal chemiluminescence system (ECL).
Cell Proliferation Assay
Cell counting Kit-8 (CCK-8) was applied to cell proliferation. The BV2 cells were cultured in triplicate in 96-well plates treated by 0.5 μM, 1 μM, 5 μM and 10 μM DEX for 6 h, then cell proliferation was determined according to the manufacturer's instructions (Beyotime, China).
Cytokine Bead Array
The Cytokine Bead Array was used for measurement of TNF-α in the supernatants of BV2 cell stimulated by 1668ODN or control. 50 µl of each sample was mixed with 1 µl of TNF-α capture beads for 1 h at room temperature then added into 1 ul of PE detection reagent for 1 h at room temperature in the dark. Beads were washed with wash buffer and centrifuged at 200 g × 5 min, discarded the supernatants. The pellets were resuspended with 200 µl of wash buffer and assayed on FACS Calibur (BD Biosciences). The concentration of TNF-α was determined by the software provided.
Immunofluorescence
The stimulated BV2 cells were fixed with 2% paraformaldehyde for 10 min at room temperature, the primary antibodies Iba-1 (Wako) and TNF-α (R&D) co-incubated with BV2 cells at 4°C overnight, then the secondary antibodies, anti-rabbit Alexa Fluor 488 and anti-goat Alexa Fluor 584 co-incubated with BV2 cells at room temperature for 1 h, DAPI was used for labeling nucleus. The images were obtained with Zeiss microscope.
Isolation of primary microglia
Microglia of newborn mice were prepared as described [50] . Briefly, brains of newborn C57BL/ 6 mice were dissected and dissociated. The cells were seeded in DMEM-F12 medium containing 10% FBS with 75 cm 2 culture flask. On day 14, cultures were agitated on a rotary shaker at 240 rpm for 3 h at 37°C. Microglia were collected from the supernatant.
Assessment of severity of meningitis
The severity of meningitis was scored by a predetermined scheme: score 0 -no meningitis; score 1 -occasional occurrence of inflammatory cells; score 2 -inflammatory cells forming an infiltrate not involving the entire depth of the subarachnoid space; score 3 -inflammatory infiltrate involving the entire subarachnoid space.
Statistical analysis
All data were analyzed as mean and standard deviation (mean ± SD). Student's t-test was used to compare differences followed by paired comparisons. A value of p ≤ 0.05 was regarded as statistically significant. All statistical analyses were performed using GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA).
Results
Intracisternal injection of ODN1668 could cause meningitis and activate microglia
It has been reported that the intracisternal injection of ODN1668 could cause meningitis [10] , so ODN1668 was employed in our study, ODN1720 as a control, which contained methylated CpG sequences. The results showed that the mice treated with ODN1668 developed meningitis, but not controls (Fig. 1A) . The scores of severity of meningitis were much higher compared with controls (Fig. 1B) . It was known that TNF-α played an important role in bacterial meningitis, and the levels TNF-α were obviously elevated in the cerebrospinal fluid [1, 18] . Similarly, the representative immunohistochemical photographs exhibited an abundant TNF-α expression in the cortex of ODN1668-treated mice (Fig. 1C ). To measure the mRNA level of TNF-α in brain tissues, ODN1668-treated brain tissues were analyzed by real-time PCR, and the result showed an obvious increase in TNF-α in ODN1668-treated mice compared with controls (Fig. 1D ).
ODN1668 induced BV2 to express TNF-α
We have proved that there was plenty of TNF-α expression in the brain which were administered ODN1668 intracisternally. As mentioned above, microglia were the major resource of TNF-α in CNS [23] , so we tested whether ODN1668 could induce microglia to express TNF-α in vitro. Incubation of BV2 cells with ODN1668 for 12 h stimulated the TNF-α production detected by immunofluorescence ( Fig. 2A) . Furthermore, real-time PCR showed that ODN1668 time-dependently increased the TNF-α mRNA levels and peaked 6 h after stimulation (Fig. 2B) . It has been reported that microglia could be activated via MAPK pathway [56] , so we developed a question whether ODN1668 could activate microglia via this path. To answer it, we stimulated BV2 with ODN1668, western blot results suggested that ODN1668 significantly increased AKT, ERK and JNK phosphorylation and after stimulation the levels of phosphorylation gradually increased, which p-AKT and p-ERK peaked at 20 min and p-JNK peaked at 40 min (Fig. 2C, D) .
Dexmedetomidine could inhibit microglia to express TNF-α CCK-8 assay was used to evaluate to the toxic effects of DEX on BV2. BV2 cells were incubated with different concentrations of DEX (0.5 μM, 1 μM, 5 μM, 10 μM) for 6 h. The results indicated that DEX exerted no obvious toxic effects on BV2 (Fig. 3A) . To test whether DEX could depress ODN1668-induced microglia inflammatory response, BV2 cells were pretreated with different concentrations of DEX for 30 min [57] , followed by the addition of ODN1668. Real-time PCR results showed that DEX significantly inhibited TNF-α expression in a dose-dependent manner (Fig. 3B ). In addition, the primary microglia were isolated from mice and pre-incubated with DEX for 30 min before ODN1668 stimulation for another 6 h. The fluorescence images demonstrated that DEX remarkably inhibited the TNF-α expression in response to ODN1668 (Fig. 3C) . Then, we examined whether DEX inhibits TNF-α via the MAPK pathway. Western-blot results demonstrated that DEX inhibited phosphorylated-AKT and ERK levels induced by ODN1668 (Fig. 3D, E) .
Injection of dexmedetomidine reduced the generation of TNF-α in vivo
To know whether DEX could treat ODN1668-caused meningitis in vivo, mice received DEX (50 μg/ kg, i.c.v.) 30 min before ODN1668 treatment (1OD, i.c.v.), compared with single treatment with ODN1668 Fig. 1 . Intracisternal injection of ODN1668 can activate microglia. A) Histopathology of the brain of a C57BL/ 6 mouse killed 3 d after intracisternal inoculation of ODN1668 and ODN1720 (1OD) (n = 5, magnification ×200). B) Score of meningitis severity in C57BL/6 mice treated with ODN1668 for 3 d (1OD per mouse, n = 5). Values are the mean ± SD score of inflammatory cell infiltrate score. ***p < 0.001 compared with the control group. C) Immunohistochemical analysis of TNF-α in the brain 3 days after intracisternal inoculation of ODN1668 and ODN1720 (1OD) (n = 5, magnification ×200). D) Three days after intracisternal injection of ODN1668, brain tissues were obtained and analyzed by real-time PCR, ODN1720 as control. ***p < 0.001 compared with the control group. (n = 5, p < 0.05). The HE staining (Fig. 4A ) and score of severity (Fig. 4B ) of two groups showed that the severity of meningitis was significantly alleviated in the DEX group. Next, representative immunohistochemical staining results demonstrated that the level of TNF-α expression was also obviously inhibited by DEX (Fig. 4C ).
To further confirm the decrease in TNF-α in DEX-pretreated mice, real-time PCR and immunoblotting were used for quantitative analysis. The real-time PCR and immunoblotting results both demonstrated that the level of TNF-α was decreased significantly in the brains of DEX-pretreated and ODN1668-treated mice (Fig. 4D-F) . 
Discussion
Our study demonstrated that DEX exerted antiinflammation effects concomitant with reduced TNF-α expression in microglia stimulated by unmethylated CpG via down-regulation of phosphorylated-AKT level. ODN 1668 could activate microglia to express TNF-α, and the effect lasts for 24h. Different results obtained may imply that differential concentrations of ODN1668 are applied in researches. In our study, a high dose of ODN1668 contributed to the activation of microglia in a shorter time. It has been reported that PI3/AKT is required for LPS-induced microglia activation [42] . We Fig. 3 . Dexmedetomidine could inhibit microglia to express TNF-α. A) The CCK8 assay was used to evaluate the cell viability in different concentrations of DEX (0, 0.5 μM, 1.5 μM, 10 μM) and control. B) The BV2 were pre-treated with different concentrations of DEX (0.5 μM, 1 μM, 5 μM, 10 μM) for 15 min, then stimulated with 1OD ODN1668 for 6 h, real-time PCR assay was used to detect the expression of TNF-α. C) Primary mice microglia was stimulated first by DEX for 15 min then with 1668 ODN for 12 h, immunofluorescence photographs demonstrated that DEX could attenuate TNF-α expression compared with that stimulated with ODN1668 alone. Unmethylated CpG-DNA motifs, conserved microbial patterns, are recognized by pattern recognition receptors. TLR-9 is essential for activation of innate immune cells by CpG DNA. TLRS gene transcript levels are up-regulated in the central nervous system in the neuroinflammation [34] . Activated microglia by CpG DNA can secret TNF-α and iNOS, which could induce neurons apoptosis [25] . Compared with LPS stimulation, the IL-12 induced by CpG DNA in the CNS is a decisive cytokine in pathophysiological processes in which T cells are involved. Therefore,
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CpG DNA-activated microglia not only enhance T cell responses, but also induce effector molecules such as NO. However, microglia exhibit neuroprotection effects which are caused by CpG DNA in Alzheimer's disease [13] . The authors confirm that microglia express TLR9 at a high level, whereas astrocytes and neurons express it at a low level. In different diseases, activated microglia by CpG DNA play different roles [13] . In other organs and tissues, more researches about CpG DNA induced inflammation have been reported, such as lower respiratory tract inflammation [44] . Excessive TNF-α could cause damages in CNS, however, it is still evidenced that TNF-α plays a beneficial role in CNS under physiological conditions. TNF-α is initially to be constitutively expressed at low levels in the normal adult brains [5, 6, 51] , and plays a critical role in homeostatic synaptic scaling [47] . TNF-α has multiple effects in the CNS ranging from glia activation and death to neuron survival and apoptosis.
DEX is widely used in the field of anesthesia, which could cross the blood-brain barrier and play an important role in the CNS function [2, 22] . Studies have shown that DEX regulates inflammatory responses, plays anti-apoptotic roles and exerts neuroprotective effects in CNS [15, 16] . Our study demonstrated the anti-inflammation effect of DEX in unmethylated CpG induced microglia activation. With the increase in concentration of DEX, the inhibition turned more obvious. There is a report that pretreatment with DEX could decrease TLR-4 expression to disclose the protective mechanism of DEX [20] . Our result implies that DEX may also decrease the TLR-9 expression. Microglia are activated by CpG DNA via TLR-9 and phosphatidylinositol 3-kinaseAkt pathway to express proinflammatory cytokines [45] , DEX could inhibit the AKT-phosphorylation to block inflammation. The result is in accordance with other researches indicating that DEX is a potent suppressor of CNS inflammation [35] .
The serine/threonine kinase Akt is a central node in cell signaling downstream of growth factors, cytokines, and other cellular stimuli. It plays an important role in cell survival, growth, proliferation, angiogenesis, metabolism, and migration [31] ; i.c.v. injection of ODN1668 time-reliant significantly increased AKT phosphorylation and after stimulation the levels of phosphorylation gradually increased. Pretreatment with DEX could inhibit TNF-α expression. Our data implied that DEX may be a potential medicine with anti-inflammatory effects in CNS. In neurodegenerative diseases, MAPK pathway also plays a critical role. In Parkinson's disease (PD), JNK, ERK and p38 MAPK may contribute differentially to the dopaminergic neuronal degeneration [19] . In amyotrophic lateral sclerosis (ALS), a ligand of growth hormone secretagogue receptor (GHS-R) 1a, protects motor neurons against glutamate excitotoxicity via activating ERK1/2 and phosphatidylinositol 3-kinase (PI3K)-Akt signaling [30] .
In conclusion, our results showed that clinically relevant concentration of DEX suppressed TNF-α 
